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ABSTRACT
Radar rainfall estimates has become an indispensable complementary to rain gauge data as 
input to flood prediction model. The research work had focused on methods to improve 
radar rainfall estimates. The techniques used in this study will help better rainfall 
estimation after reducing some errors correlated with weather radar. The radar rainfall data 
from Terminal Doppler Radar, KLIA Malaysia and rain gauge data from the Department 
of Irrigation and Drainage Malaysia were used. The hourly rainfall accumulation from the 
Doppler radar in mm/hr was estimated and compared with the hourly rainfall rate from the 
rain gauge network. In the first part o f this thesis, Kriging interpolation for a network of 
rain gauges in Klang River Basin is presented. The kriged rain values were compared with 
radar rainfall estimates to assess the advantages of both methods. Three types of 
semivariogram functions namely Spherical, Exponential and Gaussian had been applied in 
the interpolation. The results show that the Spherical model performs the best in the 
interpolation with r2 = 0.78. It is also found that Kriging interpolation of rain gauge data 
can provide useful comparative values to the radar rainfall estimates. The second part of 
this thesis presents state space model, which applied Kalman Filter method. In this work, 
multivariate technique was integrated in Kalman Filter method to reduce noise in radar 
rainfall data. The novel approach of Kalman Filter combined with multivariate analysis 
help to improve radar rainfall estimate by correcting, updating and forecasting. The 
integration process needs to state the threshold point in the system of noise variance (Q) 
and observation noise variance (R). The implementation of this technique also involved 
the weather parameter elements that affect rainfall occurrence such as temperature, wind 
and humidity. Results showed that Kalman filter integrated with multivariate analysis 
using measured weather parameter reduce radar rainfall errors. For example, Kalman 
filtering with multivariate analysis for Petaling Jaya station has improved r2 values from
0.68 to 0.87.
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CHAPTER ONE 
INTRODUCTION
1.1 BACKGROUND OF STUDY
The presence of water through its cycle from the atmosphere onto the Earth’s 
surface has benefits to humans, animals and plants. Rainfall in different amounts and 
characteristics will have multiple implications on human activity. Normally, rainfall can be 
defined as the presence of molecules of water that come from the atmosphere and directly fall 
onto the Earth’s surface. It is influenced by weather elements such as temperature. When the 
dew point is achieved in the upper atmosphere, condensation will suddenly occur. The 
development of various types of clouds in the atmosphere will send different sized of 
droplets to the ground. Experiences from forecasters show that the clouds normally condense 
at 1200 m above the ground. The movement of a rainy area is influenced by the upper wind, 
which was shown in research by Shidawara in 2005. It moves in various directions, and is 
influenced by the seasons. Malaysia is a tropical country that is always covered by clouds, 
even though in the dry season. The condition helps the Malaysian climate maintain a 
uniform temperature, with high humidity. Normally, Malaysian weather has light winds, and 
in bad weather can reach gale force. Malaysia is well known as a country that has periods of 
rainfall the whole year round. According to the Malaysian Meteorological climate 
information, the movement of rainfall patterns in Malaysia is also affected by the flow of 
wind over the country. The wind conditions in Malaysia are normally light and variable, 
however, there have also been some changes in wind flow patterns that were affected by 
movement of the wind from the sea. Based on the wind flow patterns, the Malaysian 
Meteorological Department stated that there are four seasons that can be illustrated in this 
situation, which are the Southwest monsoon, that occurs from May to September, the 
Northeast monsoon, that occurs from November until February, followed by two inter­
monsoon seasons that occur from March to April, and from September to October. In the 
inter-monsoon season, the process of transitional seasons between the Southwest monsoon 
and the Northeast monsoon develops. The different categories of monsoon cause different 
situations for Malaysian weather. Bad weather, which consists of thunderstorms, and the 
presence of strong winds and heavy rain, may develop into a storm over a certain area. It may 
have various impacts on human activities. People are always alerted to this weather condition 
by obtaining information from the Hydrology Department and the Meteorological 
Department. The most potential and powerful instrument used by the Malaysian
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